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Abstract 
Metacognition is defined as the ability of individuals to reflect, understand, and control their own thinking, learning, and 
Thailand. This study a 219 secondary school students in 
the Northeast of Thailand with the Questionnaire of Metacognition on Nuclear Energy issues (QMNE) as five issues are 
nuclear reaction, transformation of nuclear energy, nuclear power plant, the radioactive, and nuclear energy atom for life, and 
suggested that the participants 
could not describe about nuclear energy concept, goal, their purpose, only some student could describe how they think, and 
how they know about how they learn nuclear energy. The factors potentially impeded their development of awareness about 
learning process and metacognitive strategies were characteristics of content and students, learning processes, and student 
habit.  Moreover,  on nuclear energy are 
also discussed.  
12 Published by Elsevier Ltd. 
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1. Introduction:   
 The movement of educational reform in Thailand was standard and quality has been intensified for the 
resent few years. The findings from the research on educational reform movement have demonstrated that Thai 
youngsters at compulsory education levels were having inadequate abilities to analytically thinking had low 
scholastic achievement and thinking abilities have been strengthened against the national level of achievement. It 
level although the students themselves, on their self-assessment, indicated the favourable level of achievement. 
Although the school teachers have attended in-service training courses and programs including further studies for 
higher degrees in their profession, there are still some lacks in applying appropriate methods and strategies for the 
percent of the schools under study were having unsatisfactory level on both average achievement and thinking 
abilities. Their analytical thinking is at the low level. The student could not relate science knowledge in class to 
general life. These happenings might have been attributed to the ineffectiveness of science teaching and learning.  
 On the learning process, the teacher have to understand to thinking is a process not to only content. 
Accordingly, teaching and learning have to the process also. Which is the use multiple learning theories. The 
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cognitive learning theory explained about learning emphasize to changing thinking process with cognition. The 
example is the reasoning and focus on the happening in learner. There process enhance cognitive learner with 
interpretation, organize information, and schema theory. Schema theory is the knowledge of the people that will be 
incorporating it into other units 
knowledge about person, material, place, events, process, perspective and others that is a learning basic. The 
intellectual growths occur when the learner could classification of cognition group (Piaget, 1970). The most of 
educator infer the most important thinking for cognitive learning activity is metacognition (Li & Munby, 1996). It 
was crucial to provide and facilitate both the teachers and students at school with more academic support for the 
learning. 
nition is strongly emphasized worldwide, 
including in Thailand. In Thai science classroom, should to let the learner relative thinking and deliberative thinking 
d in Thai culture, 
tradition, Buddha, and farming. Students interpreted the phenomena that they learn around them with existing 
knowledge they will attempt construct the knowledge with science student interesting, motivation, be curious, can 
be seen clearly, and relate science classroom knowledge. Moreover, Thai contextual and cultural is the factors 
interaction with other students
head and their thinking to the factors will withdraw into themselves and become silent to protect themselves from 
criticism with attempt abandon their previous identity and mould themselves. That let Thai students did not 
participation. Thai science student should to regarding collaborative activity with their group and how this might 
change ideas. The collaboratively reflective inquiry is a collaboration of the learners reflection that their inquiry and 
open a chance with discussion, evaluation, and reflection.  
 of reflective of learning that 
promotes learning understanding, self- regulation, thinking processes, problem solving, and the affected of the use in 
science content. Which content appropriate are science, technology, society, and environment issues because 
metacognition is thinking about thinking and how student learn science can enhance all of science content and 
life or social sit
press, generally relate to environment, alternative energy (e.g., nuclear energy), virus diseases, nanotechnology, 
magnetic wave and communication, global warming, and others.    
 
1.2 The significance of Metacognition: 
Metacognition is a cognitive process to control their-own thinking activity with planning, monitoring, and 
evaluating. Also, the development of the learner metacognition is a process of reflection on the thinking processes of 
analysis, synthesis, and problem solving during teaching and learning activities (Brown, 1987). These general issues 
of metacognition have been analyzed in detail and broken down in very specific components, such as declarative 
-Alonso, S., & Vovides, Y. 2006).  
Metacognition influence to transformation understanding with talking, writing, language ability, interest, 
recognition, problem solving, social recognition, monitoring, and several of type self management (Flavell, 1987). 
Metacognition is also involved with social learning theory, scalability of behaviour recognition, personality 
development, and education.  
Thai culture is influenced by Buddhist d
own to the middle path. It is control your mind and soul or mental control to forgetful in their do and think with to 
know by heart the committed and impartial. If the person can control their Sati they can anchored with their 
implication and practice. Moreover, it is the review of thinking and behaviour on your own about the accuracy, 
appropriateness, restraint a consideration in their mind how do they think and how do they do. What is known is the 
carelessness, apathetic, and neutrality of mind. If the person can control their Sati they will be thinking is indeed the 
middle path. Sati is the feeling controller of Buddhist. The goal of Buddhist life is the middle path. The middle path 
is not loosely and sticky life. Buddhist have to understand the phenomena which occur in the world with the 
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reasoning and fact. It is the mental control about what is their do and how do they think. Which is Buddhist 
anchored with the implication and practice. Sati involves of in dept thinking on their behavior by carelessness, 
apathetic, and neutrality of mind. So, if the person can control their "Sati" they will be thinking in deed to the middle 
path. It is a goal of life. 
Metacognition is extremely important in learning because it is very important to solve problem in many 
areas e.g. metacognition is important to reading development.  (Hacker 1998, Jacobs & Paris, 1987); metacognition 
is important to personal mathematics development (Schoenfeld, 1992); and metacognition is important to science 
thinking.  The thinking of people enhances the headway of a country. Metacognition consists of three strategies 
during their learning science are follows: metacognitive knowledge are declarative knowledge, procedural 
knowledge, and conditional knowledge; metacognitive control are planning, monitoring, and evaluating; and 
metacognitive awareness are consciousness and realization (Thomas & McRobbie, 2001). From above data part 
context and culture. The learner cannot relate science knowledge to their life. The important thing is the curriculum 
science education in Thailand.   
 
1.3 The Nuclear Energy situation in science classroom of Thailand:  
Thailand is a country on Southeast Asia. The country is a democracy system with majesty the king. The  
country is a long history. There is evidence of ancient civilizations and the state in the territory that a lot. Most 
residents are Buddhist and the farming. Thailand is divided into 76 provinces, and has population approximately 65 
millions. The capital and largest city of Thailand is Bangkok. Thailand has never been colonized, and therefore its 
educational system to a great extent. According to the Basic Education Curriculum B.E. 2544, 2001  basic education 
in Thailand includes 12 years of study that are divided into four major levels: Level 1 (Grades 1-3), Level 2 (Grades 
4-6), Level 3 (Grades 7-9), and Level 4 (Grades 10-12) (Ministry of Education, 2001).  
The Ministry of Education announced implementation of the Basic Education Curriculum 2001, which  
served as the core curriculum for national education at the basic level. The curriculum prescribed goals and learning 
standards. It also provided a framework and orientation for enhancing quality of life of learners, who would attain 
capacity for applying life skills for applying various processes in daily life; self-learning; continuous learning; 
working; and social harmony through strengthening of happy interpersonal relationships; elimination of problems 
and conflicts through proper means; ability for self-adjustment to keep pace with social and environmental changes; 
and capacity for avoiding undesirable behaviour with adverse effects on oneself and others. And goals of education 
to awareness of the need to preserve all aspects of Thai culture and Thai wisdom, protection and conservation of the 
environment, and public-mindedness with dedication to public service for peaceful and harmonious co-existence 
(Ministry of Education, 2001). 
 
constructively with others; express opinions based on reliable references and sound reasoning resulting from 
scientific and technological development and application, bearing in mind moral obligation to society and the 
environment; and be ready to acknowledge views of others (Ministry of Education, 2008). The translation of the 
science curriculum to the classroom has not been obvious, and especially of the teaching and learning of science, 
technology, society, and environment (STSE) issues. In class, teachers teach on 8 standards that are without STSE 
issues. On standard 2 lives and the environment there is ecology content in textbook with a bit that point to social, 
culture, and STSE issues. The STSE issues about generally relate to environment, alternative energy (e.g., nuclear 
energy), virus diseases, nanotechnology, magnetic wave and communication, global warming, and others.    
Thailand was planning construct the nuclear power plant for forty years for the lack of energy and  
alternative energy but do not succeed because the conflict from society and several opinions. On 1967 was started 
point to attempt construct nuclear power plant in Thailand until now can not to do that. The important part is the 
social knowledge for decision making (Electricity Generating Authority of Thailand ). Electricity Generating 
Authority of Thailand (2010) described the five suitable locations has the highest rate of appropriate with three 
aspects of engineering, environment, and economy. There are Ubonrachathanee Province, Nakhonsawan Province, 
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Trad Province, Suratthanee Province, and Chumporn Province (ASTV Manager Online, March 14, 2011). When the 
effect of earthquake, tsunami, nuclear power plant, and the effect of radiation in Japan on March 11, 2011 that have 
the heavy resistance from social in Thailand. Thai people and several institute peace of the area hard against and 
criticism about this situation. School, teacher, student and lay people should to understand and thinking the situation 
with knowledge and more information. The science, technology, society, and environment issues are very important 
for science learning.  
Thailand science curriculum present science plays an important role in the learners present and future  
world communities, as it concerns in daily lives and livelihoods. Science also involves technologies, instruments, 
devices and various products at our disposal, which facilitate our life and work. All these benefit from scientific 
knowledge, which is combined with creativity as well as other disciplines. Science enables the person to develop 
their thinking skills in various respects logical, creative, analytical and critical. It also enables the learner to 
acquire essential investigative skills for seeking knowledge, and allows the ability for systematic problem-solving, 
and for verifiable decision-making based on diverse data and evidences. Science is essential to the modern world, 
which is intrinsically a knowledge society. The important thing needs to be provided with scientific knowledge so as 
acquire knowledge and understanding of nature and man-made technologies that can be applied through logical, 
creative and moral approaches. The learning area of science is aimed at enabling learners to learn this subject with 
emphasis on linking knowledge with processes, acquiring essential skills for investigation, building knowledge 
through investigative processes, seeking knowledge and solving various problems. Learners are allowed to 
participate in all stages of learning, with activities organized through diverse practical work suitable to their levels. 
The main content areas are prescribed as follows: 
Energy: energy and life; energy transformation; properties and phenomena of light, sound, electrical  
circuits, electromagnetic waves, radioactivity and nuclear reactions; interrelationship between substances and 
energy; energy conservation; effects of utilization of energy on life and the environment.  
 
       Nuclear Energy: 
Science enables the person to develop their thinking skills in various respects logical, creativity, analytical  
and critical. It also enables the learner to acquire essential investigative skills for seeking knowledge, and allows the 
ability for systematic problem solving, and for verifiable decision-making based on diverse data and evidences and 
which to enhance their cognitive potential for generate education and occupation. Thailand needs to improve the 
educational quality with thinking abilities. The goal of science education in Thailand aims to let the learner present 
and future world communities, as it concerns in daily lives from scientific knowledge, which is combined with 
creativity as well as other disciplines. 
On the learners daily lives present, the lost of energy in the world is a heavy problem which is the social  
effect. Especially, the natural fuel for contribute the electricity processes which is the basic of human live. It will be 
urgently find alternative energy source. Nuclear energy is the interested of the alternative energy because it is the 
source of others. Nuclear energy is nuclease of an atom energy there are the part of life and the matter of things 
included with an atom energy force in nuclease. Nuclear energy is the energy which generated from the nuclei of the 
element atoms. The release of radiation and particles such as X-rays, alpha particles, beta particles, gamma particles, 
protons, and electrons. Nuclear energy from natural setting were the sun and in the ground. Then, the caused from 
human activities as releasing energy of radiation and particles. There were heat energy and light energy which is 
released three characteristics. Firstly, are the rapid release of energy for dig a large pit and to dig a hole underground 
for stimulating oil and natural gas. Secondly, energy from nuclear reaction control in nuclear reactor for produce 
radioactive and nuclear power plant. And the last, the radioactive for produce another radiator. Accordingly, should 
to choose the release energy fit for the application.   
The present, the public knowledge about nuclear energy is an awful for mankind and negative way such as  
the creation and use of nuclear weapons, nuclear power plant bomb, and the use of nuclear device is disabled but let 
there are serious illness. In fact, many countries invented nuclear technology and used in various fields of nuclear 
energysuch as medical, industrial, agricultural and environmental features.  
Especially, the important thing is the energy to instead the oil and other fuels which will be end in a close  
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time. Nuclear Energy can enhance stability of the country can afford the best and minimal environmental impact. 
Along with nuclear power plants need to take at least 10 years to achieve greater confidence. If Thai peoples choose 
nuclear energy to solve the problems of the nation of energy should let them know how to build a knowledge base, 
understanding and positive attitude to the youth and general public on nuclear energy by science classroom should 
be broadcast and communicate knowledge of nuclear energy. The population should be critical thinking, understand 
the plan and evaluate their thinking by their own for consideration and decision making the phenomena in their life. 
That occur scientific and technology literacy of everyday experience.  
 
2. Methodology: 
semester of the 2010 academic year of the classrooms of grades 11-12 students from Khon Kaen provinces in the 
Northeast Thailand and current situation before intervention.  
 
2.1) Participant  
From purposive sampling , there  
were 219 students from high, middle, and low ranged 48 (21.92%), 50(22.83%), and 121(55.25%), grades 11 
.16%) students. The 
participants 20 students will be in-depth interview. 
 
2.2) Data Collection 
The participants must attend the Questionnaire of Metacognition on Nuclear Energy issues (QMNE) is the  
characteristics of questionnaire metacognition elucidated above were reflected of three strategies during their 
learning science are follows:  
2.2.1. Metacognitive knowledge are declarative knowledge, procedural knowledge, and conditional  
knowledge. The cognitive tasks, in-depth interview, open-ended questions, and categories and definition for 
metacognitive knowledge were developed assessment of metacognition required appropriate contexts for the 
achievement of metacognitive purposes. The QMNE consists of five issues are nuclear reaction, transformation of 
nuclear energy, nuclear power plant, nuclear energy atom for life, and the radioactive. The QMNE submitted to five 
experts (three science educator, one metacognition educator, and one English educator). And back QMNE were then 
compared and any disagreement occurred during back-translation was resolved through the meeting; 
2.2.2. Metacognitive control, in data analysis, the almost always, often, sometimes, seldom, and almost  
never responses of the QMNE were scored 5, 4, 3, 2, and 1, respectively. The mean higher than 3.0 was interpreted 
-way analyses of variance (ANOVA) was employed to reveal the 
possible r
gender, and age and;  
2.2.3. Metacognitive awareness in data analysis, the almost always, often, sometimes, seldom, and almost  
never responses of the QMNE were scored 5, 4, 3, 2, and 1, respectively. The mean higher than 3.0 was interpreted 
-way analysis of variance (ANOVA) was employed to reveal the 
gender, and age. 
2.3) Data analysis  
2.3.1. Metacognitive knowledge are declarative knowledge, procedural knowledge, and conditional  
knowledge. The categories and definition for metacognitive knowledge were developed assessment  
of metacognition required appropriate contexts for the achievement of metacognitive purposes, are presented  
in Table 1.  
Table1. Categories and definition for the metacognitive knowledge 
Categories Definition 
Declarative 
knowledge 
Refers to their conception, their beliefs of task structures, their cognitive goal, and their personal abilities. For 
example, the learners know the purpose of their learning, and their concept on the content. 
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Procedural 
knowledge 
Refers to the information about how they perform cognitive task. Knowledge about strategies and other 
procedures. For instance, most adults possess a basic repertoire of useful strategies such as note-taking, slowing 
down for important information, skimming unimportant information, using mnemonics, summarizing main ideas, 
and periodic self-testing. 
Conditional 
knowledge 
Refers to their understanding of both the value and limitations of their procedural metacognitive knowledge. 
Knowing when, how and why procedures should be used. Declarative knowledge and procedural knowledge 
which it relates.  
2.3.2. Metacognitive control is the questionnaire on planning, monitoring, and evaluating elucidated above 
were reflected in 9 items on nuclear energy issues adapted from the SEMLI-S (Thomas, 2008) and Brown, 
(1978) and;  
2.3.3. Metacognitive awareness is the questionnaire on consciousness and realization were reflected in 5 
items on nuclear energy issues adapted from the SEMLI-S (Thomas, 2008) and MRI (Schraw & Dennison, 
1994). 
 
    3. Research Findings:  
The findings of this study as follows:  
 3.1) The metacognitive knowledge 
Table 2 showed that the percentage of the participants had their metacognitive knowledge consist of 
declarative knowledge, procedural knowledge, and conditional knowledge on nuclear energy concept.  
 
Table2.  
 
Contents Declarative Knowledge Procedural Knowledge 
 &Conditional Knowledge 
The 
Quest
ionnai
res 
The findings : The 
Questionnai
res 
The findings : 
Nuclear 
Reaction 
Write 
the 
conce
pt of 
ear 
reacti
 
 
The fierceness and dangerous :96/43.84% 
- Nuclear reaction is the very dangerous 
reaction. 
- Nuclear reaction is a very violent energy and 
can be transforming energy.  
- Nuclear reaction is a very explosive reaction 
no closed and involved because very dangerous.  
- It is the collision between two atomic of the 
element generated multiples energy so on which 
is the intensity energy and difficult to control 
- It is the very violence reaction may be applied 
in the wrong way such as nuclear explosion. 
- It is the reaction that destroys the world and 
everything.   
- It is the powerful violence bomb.  
- The reaction is very dangerous who closed to 
be harmed. 
- As the violence reaction used in the battle if 
who do not good knowledge should not be 
involved.    
- As a reaction in a nuclear bomb and burst out. 
- As a reaction in the nuclear power plant. 
 
The enormous energy : 68/31.03% 
- Nuclear reaction is the high energy reaction 
can be used in various activities daily life.  
- Nuclear reaction is the enormous energy can 
be destroying everything in the world Nuclear 
energy generated by some human for 
destruction their enemy.  
-Describe 
technique, 
method, and 
process with 
your own for 
gain nuclear 
reaction 
concept? 
 
In your 
opinion, 
-When, how, 
and why you 
should be 
used the 
previous 
answer? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Movies and Scenario :64/29.22% 
When, how, and why should be used : 
- Watch a media, drama, scenario, 
and cartoon about the nuclear reactions that 
will be fun, excitement, and knowledge base. 
- Watch several media such as 
TV, drama, and multimedia then to 
consider why the advantages and 
disadvantages and then note of my own 
words. 
- Watch the documentary about the nuclear 
reactions and then note the important 
issues and interesting. After that, 
discuss with friends about how did nuclear 
reactions occurred. 
- The documentary about the nuclear 
reactions will be enhancing remembered for 
a long time cause will be persistent with an 
image and symbol.  
Use the method when free time with 
carefully thinking and understanding. 
Because it gives me great pleasure to be 
happy when I learn science. 
 
Slowing down for important information
:51/23.29% 
When, how, and why should be used : 
- Use the method when I have to use the 
reasoning considers the information such as 
the nuclear reaction is a 
combination or separation of uranium-
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- Nuclear reaction generated from some 
elements which emerging enormous energy. 
- Nuclear reaction is the reaction which is the 
unlimited energy.  
- Nuclear reaction is the enormous energy 
which is alternative energy. 
- Nuclear reaction is the enormous energy 
which is highest energy, enormous advantage, 
and enormous disadvantage as well. 
- Can be transforming to others energy. 
- Nuclear reaction is the reaction in 
manufacturing electricity to solve energy 
shortage. 
 
The concept of nuclear reaction  : 23/10.52 % 
- Nuclear reaction generated from some 
elements. 
- Nuclear reaction generated from the collision 
between proton and Uranium. 
- Nuclear reaction is the product of Uranium. 
- Nuclear reaction generated from the 
radioactive.  
 
Misconceptions, others, and 
blank:32/14.61% 
- As a reaction from He energy element. 
- As a reactions of protons and electrons in 
the molecule of the radioactive. 
- As the reaction from the scientists mixed 
substance up activities.   
- As a reactions from the harmful substances.  
- As a reaction from the distribution of high 
energy element. 
- Others 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
235 when it crashed into a neutron.   
- Quietly in the library and then 
gradually look because can get the 
information by my insights. 
- This issue is important should 
be provides an interesting and important 
issue for need to understand properly and 
minimal error. 
-When go back home because in a class 
room not enough time for consider the 
knowledge. Although slowly but the 
knowledge will be with me forever. 
- I use this method when look at the difficult 
information and knowledge. For example, 
I need to consider how nuclear fission comes 
after that to summarize by my own. I prefer 
this method because can be done and actual 
results. 
 
Note-taking :33/15.07% 
When, how, and why should be used : 
-Note the content from several source such 
as internet, book, and documentary. And 
then, come back to review and read it 
again. Will be better understood.  
- When has doubt or do not understand. I 
not 
consumption.  
- I use this method when will be a lesson 
test. I try to understand on the important 
information. It is the way it should be done 
before any other way and available to 
review at any time and not forgotten. 
  
Sequence data and summarizing 
:33/15.06% 
When, how, and why should be used : 
- To sequence data and summarizing main 
ideas. 
- I use this method when I found the 
information about nuclear and talked with 
who interesting in. I make critical thinking 
for consider what the information right or 
wrong. This method can be done at any time 
and anywhere. 
- Use the method when will be classroom 
quiz because to be writing summaries of my 
understanding convenient and appropriate 
for my ages.  
 
 
 
Using mnemonics and concept map 
:19/8.67% 
When, how, and why should be used : 
- Using mnemonics and concept map when I 
want to summarize on nuclear reaction. 
Used to accurately recognize and want to 
explain my ideas clearly most are related to.  
 
The doubt :19/8.67% 
When, how, and why should be used : 
Set up my own questions. Then, try to found 
What 
the 
purpo
se of 
your 
learni
ng on 
nuclea
r 
reacti
on? 
Understanding and need to know : 
110/50.23% 
- To appropriately understanding and can be 
used nuclear energy in the right way. Because 
most of people understand that used it 
in the war  
- To better understanding the aims of nuclear 
energy learning, the advantage and 
disadvantage.  
- To know the former of nuclear reaction. 
- Good to know and understanding in a high 
risk energy. 
- Good to know and understanding nuclear 
energy characteristics and how it important in 
life. 
 - In order to have more knowledge on nuclear 
reaction. 
- As knowledge base for Thai peoples to be 
used in the future will be corrected 
understanding.  
- To know and understand that how nuclear 
reactions occur. 
- As a knowledge store for discuss with another.  
- In order to have knowledge and can apply 
their knowledge to develop and build nuclear 
power plants in Thailand for the future. 
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-  Used the knowledge of nuclear reactions 
to produce electricity in maximum 
performance. 
 
The realized, advantage and disadvantage : 
91/41.55% 
- In order to determine the benefits of nuclear 
reaction. 
- In order to take the knowledge to future use. 
- In order to realize fully about the 
manufacturing process, the advantages and 
disadvantages of nuclear reactions  
- In order to seen the advantages and 
disadvantages. That will be used nuclear energy 
instead of other power in the future. 
- In order to know the energy will be used in the 
most benefits.   
- In order to know how nuclear reaction 
involved other industries. 
- As the energy needed in the future. 
- To learn the advantages and disadvantages 
of nuclear reactions. 
- What is the nuclear reaction outcome? 
- Needed Thailand to be used nuclear energy in 
other industries worldwide as well. 
 
 
Others, and blank:18/8.22% 
- I have not the goal of this study because it is a 
important.  
- In order to apply the knowledge  
in my careers. I need working in a nuclear 
power plant for produce electricity. 
- Used the quality and maximum efficiency 
reaction to produce electricity. 
the answer by myself from multiples source. 
Use this when I saw the news about that with 
to search more knowledge on the website. It 
is how to set the question and found by 
myself. I think have a 
good time for learning and a curiosity. 
 
No describe technique, method, and 
process :- 
 
Transfor
-mation 
of 
nuclear 
energy 
Explai
ns the 
conce
pt of 
the 
nuclea
r 
transf
ormati
on as 
you 
can. 
 
The concept of the transformation of nuclear 
energy :64/29.22% 
- That nuclear energy to make the water boil 
and then the steam pressure 
for driven the generate electricity. Then, sent it 
to the building and industrial facilities.  
- Nuclear energy transform to electricity 
energy. 
- Nuclear energy transforms to others energy. 
- Nuclear energy transform to electricity energy 
con troll by nuclear reactors.  
 
Structure and system :27/12.33% 
- The structure of the nuclear  
power plant is safety with a good deal. 
- Nuclear reactors is 
the entirely building for generated electricity. 
- Nuclear reactor is a complex structure and a 
huge budget. The system functions so 
well. If it could be harmful will 
be loss is enormous. 
- The nuclear reactor must be controlled very 
well with temperature and pressure 
controls. The machine will be 
-Describe 
technique, 
method, and 
process with 
your own for 
gain 
transformation 
of nuclear 
energy concept? 
 
In your opinion, 
-When, how, and 
why you should 
be used the 
previous 
answer? 
 
 
 
 
 
 
 
 
Using imagine and picture 
:155/70.78% 
When, how, and why should be used : 
- Imagination of the picture can be 
summaries as a whole and a variety 
of knowledge. 
- From a picture, can see electric 
poles connected to the city and complex 
equipment. Many things are connected 
such as nuclear reactor, condenser, 
electric plant, and homes. I think 
it changes nuclear energy into electrical 
energy and to be used as homes. 
- Used to learn the diagram. It 
helps to know the exact purpose by 
observations from the 
data before processing. 
- I use this method when want more 
understand on some point. I will close 
my eyes then imagine is picture 
will make it easier for understanding. 
 
No describe technique, method, and 
process :64/29.22% 
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running efficiently and safely.  
- Nuclear power plant should be installed with 
caution and safety.  
 
Others, and blank:128/58.45% 
- It is the radioactive generated electricity. 
- Nuclear energy associated with electricity. So, 
electricity generating nuclear energy. When 
nuclear energy in the line will be dangerous. 
- The transformations of nuclear energy come 
from nuclear substance and many process for 
generated electricity. 
 - Electricity through a generator 
and the condensation has nuclear power 
occurred.  
- Nuclear energy is an electricity generation. 
- As a chemical reaction continues.  
- The transformation of nuclear energy into 
electrical energy. However, the 
electricity is very high energy so need a nuclear 
reactor control.  
- As the thermal substrate then generated to 
electrical energy for saving the cost. However, 
there was a lot of toxic. 
- As a taking nuclear power to the control panel 
for takes the toxic and poisoning out and 
no impurities for generation of electricity.  
-As a generated high energy with nuclear 
reactor from the chemical substance. Which is 
the violence energy?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From 
above 
of 
your 
answe
r, why 
you 
belief 
that 
knowl
edge? 
Prior knowledge : 73/33.33% 
- I have some knowledge before.  
- I know it from the news and case of against 
about nuclear power plant in Thailand and have 
not been creation.  
- I read newspaper and saw television news. 
- I was hearing news about it. I try to read on 
the Internet. 
- I see a tsunami in Japan news and the 
nuclear explosions. 
 
Picture :23/10.50% 
- I see from the picture as the 
transformation nuclear power. 
- The picture you see is already obvious. 
- The picture is trust. 
- Observed from a picture and then predictions 
taken. 
- Look from a picture as a whole. 
Have working system as 
complicated process. And through 
a various process. 
 
Others and blank :123/56.17% 
- Predictions by myself. 
- Investigate knowledge by myself. 
- Thinking and assume by myself. 
- Of cause, human can control nuclear energy. 
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Nuclear 
power 
plant 
Explains the 
working 
principle of the 
nuclear power 
plant that you 
are understand. 
Construction and Installation 
:46/21.01% 
- From the picture, can look at the 
water vapour up through intake. 
Steam and steam pressure are occurs 
from nuclear energy reaction 
to heat the water. Which are 
applicable to generate electricity. 
- The water is the important factor of 
the operation of the reactors  
in nuclear power plants for cooling.
So, must be located close to the 
large water bodies. When nuclear 
energy to boil water to steam 
and took steam using in the 
production of electricity. The 
radioactive from that will be 
stored in underground tanks that 
composed the liquid. In order to 
prevent absorption into the ground.  
- To heat water and take the 
steam to generate electricity. 
- Nuclear power plants are close 
the bay or ocean for pump up and 
used in the process of nuclear power 
plants. 
 
The fierceness and dangerous 
:41/18.72% 
- The generate electricity which 
requires much energy when 
explosion will be violent.  
- As large factory and the most 
dangerous so do not working 
mistake. 
- As control reaction with high 
intensity should not be created. 
 
Storage and management 
:36/16.44% 
- The radioactive materials should be 
stored very well and safe. 
Otherwise, will be more harm 
than well. 
- The building should have a good 
deal with efficient and highly secure. 
- Is construction for some group 
which good understanding and the 
expertise about nuclear energy. Lay 
people should be so far away.   
 
Environment :36/16.44% 
- When the radioactive react 
with heat the smoke from 
ejected reactor is carbon 
monoxide from the incomplete 
burning. Then get electricity output 
-Describe 
technique, 
method, and 
process with 
your own for 
gain nuclear 
power plant 
concept? 
 
In your opinion, 
-When, how, and 
why you should 
be used the 
previous 
answer? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Using imagine and picture 
:104/47.49% 
When, how, and why should be used : 
- Imagination of the picture then 
conclusion is that knowledge by me. 
-Use this method when to see a picture 
of nuclear power plants and need to more 
knowledge. And then describe it because 
have not other way. 
and never interested it before. From a 
picture, nuclear power plant smoke out 
of which is air pollution and danger to 
people. The located closed the see for 
drain toxins. This way can be done 
manually. Will be able to remember 
better than learning from textbooks.   
 
Slowing down for important 
information :52/23.44% 
When, how, and why should be used : 
- Slowing down for important 
information which was read and 
considered slowly to find the 
information is true and important 
information for in-depth understand. 
- When there is news about a bomb 
or a nuclear power plant by 
researching on the Internet. 
 
No describe technique, method, and 
process :63/28.77% 
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from the boiling water was released 
into the sea.  
- Harmful to the environment. For 
example, in Japan when the tsunami, 
make nuclear power plant has been 
damaged. As a result, the depressed  
human and natural.  
- A nuclear reactor 
noisily emission output let 
many harmful to the world.  
- Nuclear power plant requires more 
power. So, that require enormous  
energy must emissions a lot 
ejected through intake.  
 
Others and blank:60/27.40% 
- Used electricity in generate  
nuclear energy.  
- It is the scientific process through 
high energy uranium and placed it 
into the bar (like in the movies). It is 
a high energy material for generated 
electricity. 
- A place where large for 
produce electricity with nuclear 
power.  
- To construct nuclear power 
plants for store nuclear 
energy from nuclear reactions.  
- Where be an engineer and 
scientists. Because, there are 
functionality complicated this 
knowledge is not appropriate for high 
school.  
- Could not to tell because I do 
not have seen inside. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What the 
purpose of your 
learning? 
Understanding and 
learning:55/25.11% 
- To learn more, deep understanding, 
and good the information for decision 
making on this issue. Thailand will 
be generated nuclear power plant lay 
people should can use the knowledge  
for decision making not only against. 
- No panic when hear the 
news nuclear explosion. 
- When this happens in Japan. Can an 
answer from was wonder on. 
- Know and 
understand the advantages and 
disadvantages of everyday life. 
- Result electricity from nuclear 
energy. 
Working :101/46.12%  
- To study the benefits and principles. 
- To know about the process of the 
manufacturing electricity. And the 
benefits of nuclear power plants. 
- To know the working principle and 
components. but did not 
describe the work elements.  
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Environment :22/10.05% 
- How to deal with nuclear waste? 
Blank, and others :41/18.72% 
- Knowledge to the university exam. 
 
The 
radioacti
ve 
What are your 
goals when you 
learn on the 
radioactive? 
Understanding and learning 
:151/68.95% 
- To study the properties 
of radioactive and the advantages and 
disadvantages. 
- Radioactive is proton radiation out 
comes. 
- Brought knowledge about half-life 
of the elements useful. 
- Some people may view that as far 
actually, we should to keep around. 
If we have knowledge
and understand the properties will 
live with it safely. 
- Radioactive has many benefits such 
as health, agriculture, industry but 
will be very dangerous. If you are 
too close. 
- Knowing of the radioactive would 
be very helpful in the future because 
It may help to improve  
many aspects of the development. 
- Substances causing cancer. If you 
use too much will be violence and 
dangerous. You should understand to 
protect yourself. 
 
Graduated test :23/10.50% 
- The university entrance exam 
in most cases like this.  
The textbook does not 
exist. The content was a little bit. 
- Want the knowledge for the 
graduate exam.  
 
Others, and blank:45/20.55% 
- For study to the substances that are 
harmful to life. 
- To learn more about the element to 
be made nuclear. 
- It is difficult to break 
down elements and harmful to life. 
-Describe 
technique, 
method, and 
process with 
your own for 
gain the 
radiation 
concept? 
 
In your opinion, 
-When, how, and 
why you should 
be used the 
previous 
answer? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note-taking :64/29.22% 
When, how, and why should be used : 
- Using a short note when the data are 
interesting and can be don any time. For 
example, should not be closed 
the 
dangerous. 
- Using a short note because can collect 
all the details. 
- When I want to know on the news. I 
read slowly and carefully it will be easy 
to understand.  
- Before the classroom test because this 
content often in a test. I need a deeper 
understanding because it can be 
done without difficulty. 
 
Summarizing all of 
knowledge:59/26.94% 
When, how, and why should be used : 
- To sequence data and summarizing 
main ideas. 
- I use this method when I found the 
information about the radioactive and 
talked with who interesting in. 
This method can be done with details. 
 
Using imagine and picture :37/16.89% 
When, how, and why should be used : 
- Imagination to the radioactive symbol  
can be afraid and thinking to their 
dangerous 
 
No describe technique, method, and 
process :59/26.94% 
 
 
Nuclear 
energy 
atom for 
life 
What are your 
goals when you 
learn nuclear 
energy? 
Understanding and learning 
:123/56.16% 
- To provide works with the 
knowledge and understanding with 
the benefits and disadvantages of 
nuclear energy in everyday life and 
maximum benefit. 
- When you see news. You can use 
this knowledge to help you decision 
making. 
- When the problems occur you can 
use a better understanding. 
 
The benefits :46/21.01% 
 
-Describe 
technique, 
method, and 
process with 
your own for 
gain nuclear 
energy concept? 
 
In your opinion, 
-When, how, and 
why you should 
be used the 
previous 
Note-taking :123/56.16% 
When, how, and why should be used : 
- Using a short note when the data are 
interesting. I like writing because can be 
don any time and everywhere. Can keep 
reading all time too. 
 
Reasoning :68/31.05% 
When, how, and why should be used : 
-Use the reasoning to consider the 
information by my own. Do not belief 
other people without reliable data and 
evidence.  
- When there are events that come to 
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- To bring nuclear energy be used in 
manufacturing electricity. 
-Nuclear energy is an alternative 
energy instead of coal and oil. 
- As energy that is needed because 
to clean 
and less pollution. If a natural 
resource on earth is gone nuclear 
energy will be enormous. 
- Benefits of nuclear energy in many 
ways. 
 
Others, and blank:50/22.83% 
- Do not know and have never 
studied. 
- It's just a little lesson. I do not 
have to much of anything. 
answer? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
life. I used the reasoning for the 
information. And the decision should to 
have a reason for explained and 
consistent with the data acquired. I think 
this way. It allows me to 
control emotions and ideas.  
 
No describe technique, method, and 
process :28/12.79% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Why the goal 
did is important? 
Understanding and learning 
:128/58.45% 
- Nuclear energy can be used in 
everyday life. If you have not valid 
understood may be harmful. 
- At the present, the most of lay 
people and the information to look at 
disadvantage. So, everyone have to 
learn more. 
- In order to used nuclear 
energy knowledge in developing 
countries. Economic, social disease, 
and industry. 
 
Alternative energy :91/41.55% 
- In the future, nuclear energy 
would play a role greatly you need to 
know and good understand. 
- Human needs are increasing every 
day. Nuclear energy is the most 
interesting as an alternative energy.  
- Nuclear energy is clean energy 
suitable to be used in the future. 
 
Nuclear reaction  
Declarative knowledge, the conception of nuclear reaction is semantically considered to be the process 
in which two nuclei, or else a nucleus of an atom and a subatomic particle (such as a proton, or high energy 
electron) from outside the atom, collide to produce products different from the initial particles. Perhaps the most 
notable nuclear reactions are the nuclear chain reaction that produces nuclear fission, and the nuclear 
fusion reactions that power the energy production of the Sun and stars. Both of these types of reactions are 
employed in nuclear weapons. However, "nuclear reaction" is a term usually implying an induced type of 
nuclear reactions, where two particles initially react, and is generally not applied to radioactive decay. 
(http://en.wikipedia.org/wiki/Nuclear_reaction) Most of students held misunderstanding and misconception. The 
most of the students (43.84%) confused to the fierceness and dangerous. Some of them (10.52%) talked a bit of 
the conception. They could not explain with details. Then, some of them are misconception and blank. About 
the purpose of their learning on nuclear reaction, Most of students (50.23%) talked to their understanding and 
need to know. Additionally, some of them were held 41.55 % were classified as the realized, advantage and 
disadvantage. Moreover, some students have not goal and no answer. These student responses were classified as 
no declarative knowledge of metacognition of nuclear reaction. 
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Procedural knowledge and Conditional knowledge, That is the information about how they perform 
cognitive task, the knowledge about strategies and other procedures and their understanding of both the value 
and limitations of their procedural metacognitive knowledge. Knowing when, how and why procedures should 
be used on nuclear reaction. The most of students (29.22%) used the movies and scenario because 
several media such as TV, drama, and multimedia then to consider why the advantages and disadvantages and 
then note of their own words. The documentary about the nuclear reactions will be enhancing remembered for a 
long time cause will be persistent with an image and symbol. Use the method when free time with carefully 
thinking and understanding because it gives them great pleasure to be happy when his/her learn science. Some 
students used slowing down for important information when his/her have to use the reasoning considers the 
information such as the nuclear reaction is a combination or separation of uranium-235 when it crashed into a 
neutron. When go back home because in a class room not enough time for consider the knowledge. Although 
slowly but the knowledge will be with me forever. Use this method when look at the difficult information and 
knowledge. They used note-taking when to see the content from several sources such as internet, book, and 
documentary. And then, come back to review and read it again. They will be better understood. When has the 
doubt or do not understand. They note and consider also not consumption. Use this method when 
will be a lesson test. His/her try to understand on the important information. It is the way it should be done 
before any other way and available to review at any time and not forgotten. The Sequence data and 
summarizing when sequence data and summarizing main ideas. Some students use this method when they 
found the information about nuclear and talked with who interesting in. This method can be done at any time and 
anywhere. Moreover, some students used mnemonics and concept when they want to summarize on nuclear 
reaction. Used to accurately recognize and want to explain their ideas clearly most are related to.   
 
Transformation of nuclear energy 
Declarative knowledge, the conception of nuclear reaction is when the nuclear energy changes into 
another form. From the picture showed that nuclear energy to make the water boil and then the steam pressure 
or driven the generated electricity. Then, sent it to the building and industrial facilities. Nuclear energy transform 
to electricity energy. The most of students held misunderstanding and misconception. The most of the students 
(58.45%) not answer and blank. Some student thought it is the radioactive generated electricity. Nuclear energy 
associated with electricity. The transformations of nuclear energy come from nuclear substance and many 
process for generated electricity. Some of them (29.22%) responses were classified as sound understanding 
that nuclear energy to make the water boil and then the steam pressure for driven the generate 
electricity. Then, sent it to the building and industrial facilities. Nuclear energy transform to electricity energy.
Nuclear energy transforms to others energy. Nuclear energy transform to electricity energy con troll by nuclear 
reactors. Additional, some of them responses to structure and system of transformation such as the nuclear 
reactor must be controlled very well with temperature and pressure controls. The machine will be 
running efficiently and safely. Nuclear reactor is the entirely building for generated electricity. Why they belief 
that knowledge? Most of students no answer (56.17%). Some of them (33.33%) responses that because their 
prior knowledge and look at the picture were 10.50%. These student responses were classified as no declarative 
knowledge of metacognition of transformation of nuclear energy. 
Procedural knowledge and Conditional knowledge, the most of students (70.78%) used imagine and 
look at the picture because the imagination of the picture can be summaries as a whole and a variety 
of knowledge. From a picture, can see electric poles connected to the city and complex equipment. Many things 
are connected such as nuclear reactor, condenser, electric plant, and homes. Some student though it changes 
nuclear energy into electrical energy and to be used as homes. Used the diagram because helps to know the 
exact purpose by observations from the data before processing. Use this method when want more understand on 
some point when they will close their eyes then imagine is picture will make it easier for understanding. 
Additionally, they no describe technique, method, and process. 
 
Nuclear power plant 
Declarative knowledge, the working principle of the nuclear power plant is a thermal power station in 
which the heat source is one or more nuclear reactors. As in a conventional thermal power station the heat is 
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used to generate steam which drives a steam turbine connected to a generator which produces electricity. The 
most of students (27.40%) held misunderstanding and blank. Some of them (10.52%) referred to construction 
and installation (21.01%). Some students were referred to the fierceness and dangerous, storage and 
management, and the environment issues. About the purpose of their learning on nuclear power plant, Most of 
students (68.95%) talked to their understanding and need to know. Then, some of them were held 41.55 % were 
classified as the graduated test. Moreover, some students have not purpose and no answer. These student 
responses were classified as no declarative knowledge of metacognition of nuclear power plant. 
Procedural knowledge and Conditional knowledge, The most of students (47.49%) used the 
imagination and picture because the imagination of the picture then conclusion is that knowledge by his/her.
Use this method when to see a picture of nuclear power plants and need to more knowledge. And then describe it 
because have not other way. and never interested it before. From a picture, nuclear 
power plant smoke out of which is air pollution and danger to people. The located closed the see for drain toxins. 
This way can be done manually. This method will be able to remember better than learning from 
textbooks. Some students used slowing down for important information when his/her found the important 
information which was read and considered slowly to find the information is true and important information for 
in-depth understand. When there is news about a bomb or a nuclear power plant by researching on the Internet.
There are not a bit students (28.77%) no described technique, method, and process of their learning and some 
students talked same the above. 
The radioactive  
Declarative knowledge, on the goal of their learning on the radioactive. The most of students (68.95%) 
held for their understanding and learning. Some of them were held to graduated test. And there are quite a bit 
(20.55%) no answer and others on the radioactive.  
Procedural knowledge and Conditional knowledge, The most of students (29.22%) used the note-
taking because it is a short note when the data are interesting and can be don any time. For example, should not 
be closed the . Using a short note because can collect all the details. Use 
this method when he/she want to know on the news with details. He/she read slowly and carefully it will be easy 
to understand. Use this method when before the classroom test because this content often in a test. I need a 
deeper understanding because it can be done without difficulty. Then, 26.94% of the students used the 
summarizing all of knowledge to sequence data and summarizing main ideas. He/she use this method when 
found the information about the radioactive and talked with who interesting in. This method can be done with 
details. Moreover, 16.89% of students used the imagination and picture for learning because the radioactive 
symbol can be afraid and thinking to their dangerous. There are not a bit students (26.94%) no described 
technique, method, and process of their learning. 
Nuclear energy atom for life 
Declarative knowledge, the goal of nuclear energy atom for life the most of students goal(56.16%) is 
their understanding and learning. Some of them (21.01%) talked about the benefits of nuclear energy. Moreover, 
there are not quite a bit (22.83%) no answer. About why the goal is important, most of students (58.45%) 
talked to their understanding and need to know. Additionally, 41.55% thought will be the alternative energy. 
Procedural knowledge and Conditional knowledge, The most of students (56.16%) used the note-
taking because Using a short note when the data are interesting. He/she like writing because can be don any time 
and everywhere. They can keep reading all time too. And, used the reasoning (31.05%)  to consider the 
information by their own. Do not belief other people without reliable data and evidence. When there are 
events that come to life. He/she used the reasoning for the information. And the decision should to 
have a reason for explained and consistent with the data acquired. He/she thought this way. It allows them to 
control emotions and ideas. Additionally, no answer about the method they used. 
 
 3.2) The metacognitive control 
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The component of metacognitive control are planning, mornitoring, and evaluating. Table 3 
and standard deviation of attitudinal scores were 3.53 and 0.081, respectively.  
 
 
 
Table 3.  
 Statement Mean SD 
1 I try to predict possible problems that might occur with my learning. 3.62 0.766 
2 I assess how much I am learning during a learning task  3.52 0.786 
3 I evaluate my learning processes with the aim of improving them. 3.39 0.846 
4 I adjust my plan for a learning task if I am not making the progress that I think I should. 3.56 0.773 
5 I try to understand clearly the aim of a task before I begin it. 3.64 0.792 
6 I stop from time to time to check my progress on a learning task. 3.74 0.779 
7 I consider what type of thinking is best to use before I begin a learning task. 3.54 0.867 
8 I plan to check my learning progress during a learning task. 3.42 0.894 
9 I consider whether or not a plan is necessary for a learning task before I begin that task. 3.38 0.817 
 Total 3.53 0.813 
 
The overall finding indicated that the participants holistically had sufficien
control. That mean the participant can control their own learning. They had to monitoring and maintaining their 
own when they learning science. All of time when they learn science they had evaluated how to think and how 
they learn science. But when to in-depth interview all of the participants did not specify goal or objective and 
selected their thinking techniques. They did not review learning activities. They did not making decision and 
talked to the next step of learning. They could not to talk about how to review the activities and shared 
knowledge with each other for collect the information. When talk to make learning plan by themselves, they felt 
very difficult and did not want to do it. They performed only easy action and did not foresee the answer in 
advance, organize problems, and obstacles. Contextual and cultural factors potentially influenced the 
culturally-based teaching and learning about metacognition. Accordingly, the finding indicated that the 
participants had not their metacognition control on nuclear energy issues all in planning, monitoring and 
maintaining, and evaluating. 
About the relationship among of the p -way ANOVA, as 
Table 4, also revealed that the participants with different school, grade, gender and age did not significantly have 
different metacognitive control classrooms there were no interaction among school, grade, gender, and age 
variables. 
 
Table4 .  
 
Source SS df MS F p 
School  0.989 1 0.989 3.481 0.063 
Gender  0.623 1 0.623 2.189 0.141 
Grade  0.930 1 0.930 3.269 0.072 
Age 0.697 2 0.349 1.216 0.298 
Error 61.931 216 0.287   
Total 2794.210 219    
* p < .05 
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 3.3) The metacognitive awareness 
 
    awareness was 3.44 to 3.68. The overall mean and standard deviation of attitudinal scores  
    were 3.62 and 0.875, respectively.  
 
 
Table 5.  
 
 Statement Mean SD 
1 
1
I am aware of when I am about to have a learning challenge. 3.62 
3 85
0.766 
0 8332 I am aware of when I am not concentrating. 3.64 0.803 
3 I am aware of when I have learning difficulties 3.68 0.898 
4  3.52 0.895 
5 I am aware of when I am about to lose track of a learning task 3.44 0.948 
 Total 3.62 0.875 
The overall finding indicated 
awareness. That mean the participant can control their own learning. They had to monitoring and maintaining 
their own when they learning science. All of time when they learn science they had evaluated how to think and 
how they learn science. When to in-depth interview all of the participants interested in every topic of nuclear 
energy. Their opinion showed the consciousness and realization. For example, when to talk about nuclear power 
plant, they were very serious and think hard how nuclear power plant bomb, how to protect their own, their 
friend, and their family from radiation. It is a serious event to close lay people.   
rade, gender, and age. The one-way ANOVA, as 
Table 6, also revealed that the participants with different school, grade, gender and age did not significantly have 
different metacognitive orientation of the classrooms there were no interaction among school, grade, gender and 
age variables. 
 
Table 6.  
 
Source SS df MS F p 
School  1.354 1 1.354 5.878 0.161 
Gender  0.016 1 0.016 0.66 0.797 
Grade  0.675 1 0.675 2.892 0.090 
Age 0.193 2 0.096 0.407 0.666 
Error 51.136 216 0.237   
Total 2919.723 219    
* p < .05 
    4. Conclusion and Implication:  
The overall finding indicated that the participants had not their metacognition on Nuclear Energy issues. 
Participants had not their metacognition knowledge metacognitive control, and metacognitive awareness on 
nuclear energy issues. could not describe about nuclear energy concept, goal, their purpose, only some student 
could describe how they think, and how they know about how they learn nuclear energy. The researcher had 
recommendations which would be useful for those who studied or were interested in the science learning for 
thinking and deliberative thinking on st
phenomena that they learn around them with existing knowledge. They will attempt construct the knowledge 
with science student interesting, motivation, be curious, can be seen clearly, and relate science classroom 
knowledge. Thai science student should to regarding collaborative activity with their group and how this might 
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change ideas. The collaboratively reflective inquiry is a collaboration of the learners reflection that their inquiry 
were no interaction among school, grade, gender and age. Contextual and cultural factors potentially influenced 
n.    
gradually systematically performed and systematically thinking.   
 
Acknowledgements:  
This work was supported by the Higher Education Research Promotion and National Research University Project of 
Thailand , Office of the Higher Education Commission, through the Cluster of Research to Enhance the Quality of Basic 
Education, and the Graduate School of Khon Kaen University, Thailand. Also, sincere thanks for supporting research 
funding. 
 
Reference 
 
Brown, A. L. (1987). Metacognition, executive control, self-regulation and other mysterious 
mechanisms. In F. E. Weinert & R. H. Kluwe (Eds.), Metacognition, motivation, and 
understanding (pp. 65-116). Hillsdale, NJ: Erlbaum. 
Flavell, J. H. (1987). Speculation about the nature and development of metacognition. In  
F. E. Weinert & R. H. Kluwe (Eds.), Metacognition, motivation, and understanding (pp. 1  29). Hillsdale, NJ: Erlbaum. 
Georghiades, P. (February 2004) From the general to the situated: three decades of 
metacognition. International Journal of Science Education, 26(3), p.365-383    
Hacker, D. J. (1998). Definitions and empirical foundations. In D. J. Hacker, J. Donlosky, 
& A. C. Graesser (Eds.), Metacognition in educational theory and practice (pp. 1 26). Mahweh, NJ: Lawrence Erlbaum 
Associates. 
Li, S., & Munby, H. (1996). Metacognitive strategies in second language academic reading: A qualitative Investigation. English for Specific 
Purposes, 15(3), 199 216. 
Ministry of Education. (2001).  Science curriculum. Bangkok. Thailand.  
Piaget, J. (1970). The Science of Education and the Psicology of the Child. Grossman, New York. Pressey, 1964: Pressey, S. L.  (1964). 
Schraw, G., & Dennison, R. S. (1994). Assessing metacognitive awareness.  
Contemporary Educational Psychology, 19, 460 475. 
-Alonso, S., & Vovides, Y. (2006). Integration of metacognitive skills in the  
design of learning objects. Computers in Human Behavior, xxx , 1-11. 
Schoenfeld, A. H. (1992). Learning to Think mathematically : Problem solving,  
 Metacognition, And Sence Making in Mathematics. In D.A. Grouws(ed.), Handbook for 
Research on Mathematics Teaching and Learning (pp. 334-370). New York: MacMillan.  
ssroom. 
Journal of Research in Science Teaching. 38(2), 222-259. 
Thomas, G. P. (2008). Development of an Instrument Designed to Investigate Elements of 
-Efficacy and Learning Processes: The SEMLI-S. International Journal of Science 
Education,30, No. 13, 17 October 2008, pp. 1701 1724 
Wiratchai, N., & et al. (2004). The development school system. Chulalongorn University :  Bangkok.  
 
 
